We evaluated the new Beckman Enzymatic Amylase-DS Method with maltotetraose as substrate. Our findings indicate that the method is approximately twice as sensitive as the old method involving soluble starch [C/in. Chem. 24, 762(1978)]. The new method also shows a linear rate of reaction, in contrast to the curvilinear rate previously observed with the old method. The Km with maltotetraose is 0.77 gIL, or about twice that with soluble starch (0.42 gIL). The method correlates well with the Phadebas a-amylase method (r = 0.974 and 0.99 1 on 84 serum and 52 urine specimens, respectively). Of 43 specimens with high concentrations of pyruvate we examined for interference with a-amylase activity, only six showed interference when maltotetraose was the substrate. (With both Beckman methods the reaction of pyruvate with NADH produced lactate and NAD+ in the presence of lactate dehydrogenase as contaminant.) Pyruvate interference decreased with increases in (a) the a-amylase activity of the specimen, (b) the amount of NADH initially present in the maltotetraose reagent, and (C) the length of time the reconstituted maltotetraose reagent was allowed to stand before being used.
In previous investigations with the Beckman soluble starch method (1), we showed that high amounts of endogenous pyruvate interfere with a-amylase
(1,4--D-glucan glucanohydrolase; EC 3.2.1.1) activity by reacting with the NADH formed to yield lactate and NAD in the presence of high amounts of lactate dehydrogenase (EC 1.1.1.27) in the kit as contaminant.
The increased concentrations of pyruvate were found in the serum and (or) urine of patients who underwent kidney transplantation and had diabetes mellitus (of adult or juvenile onset or steroid induced), and in sara from patients who had coronary artery bypass, especially within 24 h of surgery.
Beckman has now introduced a modified kit in which the soluble starch is replaced with a defined substrate, maltotetraose. The modification was designed to improve the linearity and increase the kit's sensitivity (2) . The rate of production of maltose, produced by the action of a-amylase on maltotetraose, is measured by monitoring the rate of formation of NADH from NAD by means of the coupled enzyme system of maltose phosphorylase (EC 2.4. (EC 2.7.5.1), and glucose-6-phosphate dehydrogenase (EC
1.1.1.49) (2, 3).
In the present investigation we evaluated the new Amylase-DS method, and further studied it to determine (a) whether the rate of the reaction with maltotetraose as substrate is improved over the curvilinear rate obtained with the older soluble-starch kit (1, 4, 5) , and (b) the extent to which endogenous pyruvate interferes with this method.
Materials and Methods
Apparatus GEMSAEC Analyzer System, no. 2466 (Electro-Nucleonics Inc., Fairfield, NJ 07006).
Pipetman adjustable microliter pipette with disposable tips (Rainin Instrument Co., Inc., Brighton, MA 02135).
Reagents Enzymatic
Amylase 
Procedures
Serum or urine x-amylase activity was routinely measured at 30#{176}C on the GEMSAEC centrifugal analyzer by monitoring the rate of production of NADH at 340 nm after a lag period of 5 mm, as previously described (1) . One unit of a-amylase activity is defined as the amount of enzyme that in 1 mm produces 1 zmol of NADH in the a-amylase/coupled reaction system.
I All three Beckman reagents contained an excess of 4000 U of lactate dehydrogenase activity per liter of incubation mixture. 
4:5 Undiluted
Sample Dilution NADH concentration in the Beckman reagent was determined by the method of Klingenberg (7) . Figure 1 shows a comparison of the reaction rates of a-amylase with the old and new Beckman kits in which soluble starch and maltotetraose, respectively, are substrates. After an initial lag period of 3 mm, the reaction with maltotetraose is linear, whereas that with soluble starch is curvilinear, probably because of the complex nature of this substrate (1, 4, 5) . Figure 1 also shows that the rate of reaction with maltotetraose is about twice as great as that with soluble starch. This increase in activity is, in fact, four-fold because with the former substrate only one NAD H-producing step is utilized, whereas two NADH-producing steps are utilized with soluble starch (1). Figure 2 shows that the rate of reaction with maltotetraose is linear up to 650 UIL. The rate with soluble starch as substrate, however, increases disproportionately with increase in enzyme activity. 
Results

Kinetics of the Coupled Enzymatic Amylase Methods
Precision of the Method
We estimated the precision of the maltotetraose method Correlation with the Phadebas Method In contrast, only six of the 43 specimens showed interference with -amylase activity with maltotetraose as substrate. These specimens had pyruvate concentrations equal to or greater than 0.74 mmol/L and normal a-amylase activities. The fact that 37 specimens did not show interference with the maltotetraose reagent is due to both the greater sensitivity of this reaction system (see Figure 1 ) and the presence of 16.0 tmol/L NADH (see next section) in the reagent compared with 9.2 zmol/L NADH in the soluble-starch reagent. Table 4 and Beckman soluble-starch (y) methods. The activity ratio of 3.3 for the maltotetraose method was obtained from the regression equations given in Table 2 for 72 serum and 32 urine specimens. There was no difference between the activity ratios for the urine specimens and those for the serum specimens. The a-amylase activities of all specimens showed no interference with pyruvate and were within three-fold the upper limit of normal serum. The activity ratios of 11.0 and 3. Factors Affecting Interference by Pyruvate Pyruvate interference was found to be dependent on several factors, including the a-amylase activity of the specimen, the amount of NADH initially present in the reagent, and the length of time the reconstituted reagent is allowed to stand before using.
Interference by pyruvate decreased with an increase in a-amylase activity and, therefore, with the rate of NADH production. This is understandable because increase in NADH production hastens the conversion of pyruvate to lactate and correspondingly increases the chances of complete conversion during the 5-mm lag period of the method. Table 4 shows two examples (specimens 8 and 9) that have highly increased cr-amylase activities (550 and 1720 Phadebas units/L, respectively).
In both cases, the activity ratios reflected little or no interference with pyruvate despite the fact that the pyruvate concentrations were relatively high (0.54 and 0.61 mmol/L, respectively).
Pyruvate interference also depends on the amount of NADH initially present in the reagent. We have found that the concentration of NADH initially present in the reconstituted maltotetraose reagent may vary from 4.6 to 24.7 tmoIfL, depending upon the lot of reagent used. The effect of such variation is illustrated in Figure 3 , which shows the rates of cr-amylase reaction of a urine specimen in reagents containing the equivalent of 6 and 22 zmol/L NADH initially in the incubation mixture. The urine specimen contained 0.72 mmol/L pyruvate (or the equivalent of 28 2mol/L pyruvate in the incubation mixture) and had an cr-amylase activity of 33 U/L, as determined after removal of pyruvate by dialysis (curve A).
As shown in curve B, the reagent with the higher concentration of NADH yielded a-amylase activity close to that of the dialyzed specimen (29 U/L), indicating that the NADH initially present in the incubation mixture plus that formed during the 5-mm lag period by the action of cx-amylase was sufficient for the conversion of the pyruvate to lactate. By contrast, the cr-amylase activity with the reagent containing 6 tmol/L NADH (Curve C) was only 8 U/L after a 5-mm lag and did not achieve full activity until 12 mm. The concentration of NADH initially present in the reagent used to determine the extent of pyruvate interference shown in Tables  3 and 4 at which the maltotetraose reagent was allowed to stand after reconstitution.
In view of the results in Table 5 , the concentration of NADH in the reagent blank increased with time of storage at both temperatures, although the rate of increase was higher at 25 #{176}C. Correspondingly, a-amylase activity also increased with the time of storage, reaching its "correct" value after 3 h of storage at 25 #{176}C and after 24 h at 4 #{176}C. The rate at which NADH is produced in the reagent blank under normal assay conditions is insignificant. We have found this rate to be equivalent to less than 2 U of a-amylase activity per liter in seven different lots of reagent. Because maltotetraose is the major substrate in the reaction system, this slow rate of NADH production may be caused by a very small amount of a-amylase in the kit as contaminant. Henry et al. (10) (adapted to the centrifugal analyzer) showed a rapid rate of depletion of the NADH, which was erroneously attributed to a very high activity of aspartate aminotransferase. Upon dilution, however, the activity was found to be within the linear range of the method.
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